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In the third year study, removal of Mg 
hardness and the effect of phosphorus ions on 
the removal of hardness using membrane and 
fluidized bed pellet reactor integration 
process were studied. Effect of Natural 
organic matter (NOM) characteristics on 
hardness removal was also investigated. 
Under the same softening condition, 
experiments were conducted for samples 
containing different amounts of hydrophobic 
and hydrophilic NOM which were 
fractionated using XAD-8 resin.  Results 
indicate that residual hardness correlates to 
 3 
the residual NOM concentration. Analyzing 
the residual NOM using HPLC, we found 
that the residual NOM was mainly 
hydrophilic in nature. 
























































約在 50~60 mg/L as CaCO3左右，所以在配





水中的 NOM是利用 Aldrich humic acids配
製而成。 


















44%增加至 54%當磷酸根濃度從 0.33 mg 




4. stir plate and stir bar
5. chemical dosing pump





9. backwash reservoir 
refilled pump
10. Nitrogen tank





























0 0.33 1.63 
Hardness removal (%) 85 38 14 

















?????? pH??? 9.0?? 9.5??
??? A? C???????????
??????????? A?????
??? 5ppm? NOM?????? C?
?????????? NOM? 
根據表 2中以 A與 B比較得知，在高
pH之下對於鈣硬度的去除效率較好。以 A

















Test A B C 
PH 9.0 9.5 9.0 
Ca hardness 
(mg/L as CaCO3) 
300 300 300 
Mg hardness 
(mg/L as CaCO3) 
60 60 60 
NOM (mg/L) 5 5 0 
HIOP (m2/L) 0.5 0.5 0.5 
Ca removal (%) 60 74 69 













的 acetate buffer和 acetonitrile以混合比例
送 入 管 柱 。 我 們 先 依 據
3,5-dihydroxybenzoic acid、benzoic acid和
phenol為混合樣品所得出之分離效果(如圖


























































































































































兩個部分，一個層析時間在 2 到 4 分鐘，





物於層析時間在 2 到 4 分鐘訊號強度佔大
部分，8~12分鐘訊號強度較少，相反的，
親水性有機物於 8~12分鐘的訊號強度較 2
到 4 分鐘訊號強度大。此結果與 Egeberg
及 Alberts(2002)所判斷的相反，可能因為



























          3.12 min
3,5-dihydrobenzoic





圖 3 3,5-dihydroxybenzoic acid、 
benzoic acid和 phenol混合樣品利用
HPLC分析之滯留時間 







0 3 5 0* 
1 1 10 1** 
2 2 10 0 
3 1 25 1 
4 2 25 0 
5 1 85 1 
6 4 85 0 
7 1 5 1 
8 3 5 0 
*Curve 0: fixed proportion of acetonitrile 




Y-axis 已 經 除 以 其 訊 號 的 最 大 值
（normalized）。若以圖 4的結果來定義親、
疏水性，由圖 5中可知，經過軟化處理後，
親水性 NOM被選擇性的去除，因此 2到 4
分鐘訊號強度比例於軟化處理後增加。此
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